Introduction
Over the last years, the increase of urbanization, populations, industrialization and human activities have been increased the environmental pollution in different parts of the world (Abdi & Kazemi, 2015) . One of the most serious environmental problems in the industrial areas of our country (Suez Governorate) is the discharge of untreated waste water in soil and aquatic ecosystem. Of all pollutants in the discharged waste water, heavy metals are of concern due to the fact that they have lethal effects and toxicity on all forms of life and are non-biodegradable and hence persist for a long time in the aquatic ecosystems (Jackson et al., 2001; Argun & Dursun, 2006; Attahiru et al., 2012 and Coronado et al., 2017) . Lead (Pb) is considered the major metal in the discharged waste water that comes from several industrial processes, such as petroleum refining, lead arsenate insecticides, lead water pipes, chemical manufacturing, electroplating, mining and battery manufacturing, metal finishing, tanning, automobile, pipes, mechanics and dyes industry T ODAY, the pollution of soil and aquatic environment by lead metal ion results from the discharged industrial waste water represents serious environmental problem. Biosorption is an ecofriendly technology that uses microbial biomasses to bind heavy metals on their surfaces by physicochemical pathways from waste water. Seventy-two bacterial isolates resistant to lead metal ion were recovered from 30 sewage water samples collected from different streets of Faisal district in Suez Governorate, Egypt. Interestingly, the isolate number 2103 was selected among them as the most highly resistant to high concentrations of Pb
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. This isolate was characterized morphologically, biochemically and identified by 16S rRNA gene sequencing as Pseudomonas aeruginosa and deposited in the GenBank database under the accession number KY712434. Studying the effects of contact time and pH on Pb 2+ biosorption by the freezedried biomass of Pseudomonas aeruginosa 2103 revealed that the maximum biosorption was achieved within 30min at pH 6. The maximum adsorption capacity (q max ) of Pb 2+ removal by the freeze-dried biomass of Pseudomonas aeruginosa 2103 was 114.94mg/g. The regression coefficients (R 2 ) were 0.8847 and 0.9751 from the Langmuir and Freundlich isotherm models, respectively, so the biosorption of Pb 2+ onto the biomass of Pseudomonas aeruginosa 2103 has been found to fits Freundlich isotherm model better than Langmuir isotherm model.
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It was declared that unlike zinc, copper and manganese metal ions, lead is not known to be of any useful biological activity and it is toxic for human, animal and plants at very low concentrations (Bruins et al., 2000) . In humans lead accumulation in blood leads to disturbance in liver and kidneys function, damage the central nervous system and reproductive organs (Rodriguez-Tirado et al., 2012 and Mohy El-Din, 2017) . Other symptoms of lead severe toxicity include irritability, muscle tremor, dullness, poor attention span, restlessness, hallucinations, loss of memory and headaches (ATSDR, 1990) . Altered membrane integrity, function, permeability resulted from the interactions of lead with oxidation of membrane lipid (Jan et al., 2015) . Also, the exposure to lead compounds results in the increase in the level of total cholesterol, triglycerides, and elevated lipoprotein content, which associated with cardiovascular (Poreba et al., 2011) . Substitution of calcium in bone by lead is another cause of lead toxicity (Abdi & Kazemi, 2015) .
In plants, lead affects physiological processes, for example: A plant with high lead concentration can secure the generation of reactive oxygen species (ROS), which causes lipid membrane damage that eventually leads to hazard damage of chlorophyll and photosynthetic processes and in the end suppresses the overall growth of the plant (Najeeb et al., 2014) . While at low concentrations, lead treatment was found to cause high instability in ion uptake by plants and this in turn leads to important metabolic changes in photosynthetic limit and at last in a strong inhibition of plant development (Jaishankar et al., 2014) . Due to the above mentioned negative impacts of lead metal ions on the life forms and environment, removal of this metal from wastewaters is required before discharge. Removal of heavy metals by the used conventional methods such as chemical precipitation, electrodeposition, ion exchange, membrane separation, coagulation and reverse osmosis is suitable at high concentrations but these methods are not applicable at the low concentrations and also result in secondary pollutants like sludge (Zouboulis et al., 2004; Igwe & Abia, 2006; Onyancha et al., 2008 and Abdel-Aty et al., 2013) . Therefore, it is essential to find more effective alternative method for removing the toxic heavy metals from the industrial effluents Pahlavanzadeh et al., 2010) .
There are various microbial species including bacteria, fungi and algae can grow in wastewaters and resist the toxic metals are known to be able of accumulating heavy metals onto their biomass surfaces (Vijayaraghavan & Yun, 2008) . The detoxifying capability of these resistant microbes can be employed for bioremediation of these heavy metals through the processes as bioaccumulation, biosorption and bioprecipitation in the environment (Haroun et al., 2017) . The biological removal of heavy metals from industrial effluents offers high efficiency when metals are in low concentrations. Bacterial species are most commonly used as biosorbents due to their small size, ubiquity and capability to grow under controlled conditions and pliability to a wide range of environmental conditions (Ramya & Thatheyus, 2018) .
Biosorption is metal uptake from the environment by microbial biomass due to the presence of different functional groups such as amino, hydroxyl and carboxyl which bind the metal by adsorption (Nilanjana et al., 2007 and . Biosorption has certain inherent advantages over conventional processes such as using a waste biomass, non-consuming time, high efficiency, cost effectiveness and no sludge formation during treatment (Volesky, 2001) . Moreover, metal can be readily recovered from the biomass by desorption if the value and amount of recovered metals are significant and if the biomass is plentiful, metal-bound biomass can be incinerated, thereby extracting further treatment. The biosorption process depends on the type of metal ions, the cell wall structure of microbial biomass, cells shape, as well as physicochemical factors such as pH, temperature, contact time, ionic strength, and metal concentration (Gabr et al., 2008 and Wierzba, 2015) .
The main objective of this study was to isolate and characterize lead resistant bacterial isolate as well as to determine the maximum absorption capacity of its dried biomass for removal of lead metal ions from aqueous solutions.
Materials and Methods
Isolation of lead metal resistant bacteria
Thirty samples of sewage water were collected in sterilized plastic bottles from different locations in Suez Governorate and transferred immediately to the laboratory for examination. The lead metal resistant bacterial species were isolated from the collected samples by pour plate method on tryptic soya agar (TSA) medium of pH 6.5 supplemented with 25ppm of lead metal (Pb(NO 3 ) 2 ). The inoculated plates with 1ml of 10 -5 diluted sample were incubated after solidification at 37
• C for 4 days. The grown separated bacterial colonies on agar plates were picked up and purified then stored on TSA slants at 4
• C for further experiments. The concentration of 1000ppm Pb (II) solution was prepared by dissolving 1.598g of Pb(NO 3 ) 2 in 1000ml deionized and the other concentrations were prepared by a serial dilution of this stock. The isolated bacteria were cultivated again on tryptic soya broth (TSB) of pH 6.5 with different concentrations of Pb 2+ (25-200ppm with 25 intervals) to select the most highly resistant bacterial isolate applicable for biosorption of lead metal.
Phenotypic and genotypic identification of the selected bacterial isolate 2103
Morphological and biochemical characterizations
The colony characteristics of the bacterial isolate 2103 such as shape, color, surface and margin on nutrient agar medium were examined by the naked eye. The bacterial cells after 24h incubation were stained by Gram stain and the cells shape and arrangement were observed by the oil lens of the light microscope. Also, this isolate was characterized biochemically according to Bergey's manual of systematic bacteriology (Holt et al., 1986) . The examined biochemical tests were oxidase, citrate, catalase, MR-VP (Methyl Red and Voges-Proskauer), urease, indole, H 2 S production, gelatin liquefaction, starch hydrolysis, and glucose and lactose fermentation.
Molecular characterization
DNA was extracted from the bacterial cell pellets by an SDS/CTAB lysis using the phenol/chloroform extraction method (Ausubel, 2002) . The 16S rRNA gene was PCR-amplified using the two primers 16SF: 5′-GAGTTTGATCCTGGCTTAG-3′ and 16SR: 5′-GGTTACCTTGTTACGACTT-3′. The PCR amplification was done using Qiagen Proof-start Tag Polymerase kit (Qiagen, Hilden, Germany). The total reaction volume of 25µl including 2µl of template DNA (20ng/µl), 12.5µl PCR Master Mix, 20 pmol (2µl) each of forward and reverse primers and 8.5µl of DNAase free water. The reaction conditions were: An initial denaturation at 94°C for 5min, 37 cycles of denaturation at 94°C for 30sec, annealing at 51°C for 30sec and extension at 72°C for 30sec. A final extension was directed at 72°C for 5min. PCR products were detected by electrophoresis on 1.5% (w/v) agarose in 1X TAE buffer. PCR product of 1500bp was purified from gel with QIA quick gel extraction kit (Qiagen, Hilden, Germany). PCR product was sequenced by cycle sequencing with dideoxy mediated chain-termination (Sanger et al., 1977) . The obtained nucleotides sequence of 16S rRNA gene was subjected to the BLAST software at the NCBI server: http://www.ncbi.nlm.gov/BLAST/ to examine the similarity and dissimilarity percent. The alignment of sequence was searched by CLUSTALW program (http://clustalw.ddbj. nig.ac.jp/top-ehtml). Phylogenetic tree derived from 16S rRNA sequences of the most related species in GenBank database was performed by the TREE VIEW program.
Growth pattern of Pseudomonas aeruginosa 2103
Bacterial cells were inoculated in TSB (Tryptic soya broth) of pH 6.5 supplemented with different concentrations of Pb 2+ (5, 50, 90 and 110ppm) in comparison with control (without Pb 2+ ) and incubated for 55h at 37°C. The growth was estimated at different time intervals by determining the optical density (OD) of broth turbidity at 630nm by the spectrophotometer.
Biosorption of Pb 2+ by Pseudomonas aeruginosa 2103
The bacterial biomass was prepared by inoculation of fresh (24h) bacterial cells on TSB medium and incubated for 40h at 37°C and then the grown biomass was collected by centrifugation at 5000g for 15min. The collected biomass was freeze-dried and stored at room temperature for biosorption experiments. The biosorption of lead metal from aqueous solution by the freezedried biomass of the bacterium was performed by agitation (200rpm) of constant weight (20mg) of biomass in constant volume (20ml) of the lead metal solution for one hour at room temperature. The reaction medium was centrifuged at 5000g for 15min and the remaining concentration of Pb 2+ in the supernatant was estimated by atomic absorption spectrophotometer (CPU analyzers, Faculty of Agriculture, Suez Canal University).
The equilibrium adsorption amount (q e ) of lead metal ions by the freeze-dried biomass of bacterium was calculated from the general condition:
(1) (Tunali et al., 2006) .
where q e is the amount (mg/g) of metal ions adsorbed on the biomass, C i is the initial metal ion concentration (mg/L), C e is the final metal ion concentration (mg/L), V is the volume (ml) of the solution and W is the weight (g) of the used biomass.
Optimization of pH, contact time and Pb 2+ initial concentration
The impact of pH was tested with the agitation of 20mg freeze-dried biomass of Pseudomonas aeruginosa 2103 in 20ml of 100ppm Pb(II) solution of different pH values (2, 4, 6 and 7) at 200rpm for 60min at room temperature (25± 2). The impact of contact time was also tested by varying the incubation period (0-60min) of the reaction medium at the ideal pH and room temperature. Also effect of initial concentrations of lead solution on the biosorption efficiency were studied by adding 20mg of the freeze-dried biomass in 20ml of different initial concentrations (0-200ppm) of Pb(II) and agitated at 200rpm at the ideal contact time and pH incubated at room temperature.
Results and Discussion
Phenotypic and genotypic identification of the bacterial isolate 2103
Isolation of highly resistant bacterial species is required to fulfill the bioremediation of toxic heavy metals from waste water and inhibit their accumulation in the environment. Seventy-two bacterial isolates resistant to 25ppm of Pb 2+ were recovered from 30 sewage water samples. All these isolates were screened for their capacity to grow on broth medium with different concentrations (25-200ppm) of Pb 2+ and the data obtained indicated that 16 bacterial isolates were able to grow on 130ppm. The only bacterial isolate no. 2103 was able to survive until 170ppm. Several studies by various authors isolated lead metal resistant bacteria and used them in the removal of lead metal from soil and water (Pardo et al., 2003; Selatnia et al., 2004; Murthy et al., 2012 and Wierzba, 2015) . Velusamy et al. (2011) reported that the isolate Bacillus X4 which was recovered from contaminated soil was resistant to 50ppm of Pb(II).
The isolate number 2103 was selected as the most highly lead metal resistant bacteria for further investigation and subjected to the phenotypic and genotypic characterizations. Different morphological and biochemical characteristics of the isolate no. 2103 were examined according to Bergey's manual of systematic bacteriology (Kreig & Holt, 1984 and Murthy et al., 2012) . Data shown in Table 1 indicated that the isolate characterized by irregular, oval, mucoid colonies with diffusible green pigment on nutrient agar medium. The cells are Gram negative rod shaped. The isolate was negative for each of H 2 S production, urease production, starch hydrolysis, indole, glucose and lactose fermentation tests and was positive for the other biochemical tests such as gelatin liquefaction, oxidase production, catalase production, methyl red and Voges-Proskauer. According to these phenotypic characteristics, the bacterial isolate number 2103 was identified as Pseudomonas sp. For confirmation of this identification and identify the isolate on species level, the 16S rRNA gene was PCR-amplified and the nucleotides sequence was studied. The obtained sequence was aligned and contrasted with other recorded gene sequences in the database of National Center for Biotechnology Information (NCBI). The results demonstrated that the isolate no. 2103 is 100% identical to Pseudomonas aeruginosa NR118644.1. So, the isolate no. 2103 was identified as Pseudomonas aeruginosa and assigned the accession number KY712434 in the Gene Bank database. The sequence of the isolate was contrasted with different 16S rRNA gene sequences and the phylogenic tree was shown in Fig. 1 . Pseudomonas aeruginosa efficiency for metal uptake has been reported by several authors (Strandberg et al., 1981 and Texier et al., 1999) . Kőnig-Péter et al. (2014) selected the genus Pseudomonas as a biosorbent for lead (II), copper (II) and nickel (II), among 12 bacteria isolated from activated sludge. . Kafilzadeh et al. (2012) studied the growth of Corynebacterium and Pseudomonas sp. on different concentrations of lead metal from 0.4 to 0.7g/l with consideration of incubation time and found that the growth increase (lag phase) until reach stationary phase at 360min. Growth pattern of P. aeruginosa strain BC15 on different concentrations of Cr, Ni, Pb and Cd metals was studied by Raja et al. (2006) . It was reported by different authors that the growth of the bacterial isolates is reduced as affected by the metals in higher concentrations comparing to the control (Suresh et al., 1998; Suresh et al., 2001 and Pal et al., 2004) .
Optimization of pH on biosorption
The impact of hydrogen ion concentrations on the biosorption of heavy metals has been concerned in many studies, which revealed the significance of this parameter on the solubility of the metal ions and also on the ionization of the binding sites (Sassi et al., 2010; Joo et al., 2010 and Ji et al., 2011) . The effect of pH values on biosorption of Pb 2+ by the freeze-dried Pseudomonas aeruginosa 2103 was studied and presented in Fig. 3 . It is obvious that equilibrium adsorption amount (Q e ) of Pb 2+ is low at pH 2 and increased with increasing pH and achieved the maximum (83.77mg/g) at pH 6. Kőnig-Péter et al. (2014) reported in their study that the pH 5 was the optimum for Pb (II) biosorption by P. aeruginosa PAO1. Also, pH 6 was the optimum for lead biosorption by P. aeruginosa ASU 6a (Gabr et al., 2008) . Wierzba (2015) reported that the optimum pH was 5 for Pb (II) biosorption by Stenotrophomonas maltophilia with maximum capacity (q e ) of 71.4mg/g. Also, Veglió et al. (1997) found that the optimum pH for lead by Arthrobacter sp. was 5. At low pH values, cell wall ligands were nearly associated with hydronium ions (H 3 O + ) thus limit the biosorption of metal ions as a result of the competition between H 3 O + and the heavy metals with the bacterial cell wall ligands (Liu et al., 2009 ). The bacterial cell wall contains negatively charged functional groups, for example carboxyl, phosphate, imidazole and amino groups. They are fundamentally in charge of the anionic character and metal binding capacity of the cell wall by Gram-negative bacteria. With increasing pH, the negative charge on the cell surface increases, which supports the adsorption of the heavy metal cations (Kőnig-Péter et al., 2014) . The metal biosorption relies upon on the protonation or unprotonation of the functional groups on the cell wall (i.e., carboxylic, hydroxyl and amino groups) (Selatnia et al., 2004; Sautel et al., 1991; Volesky, 1997 and Roux, 1992 
Optimization of contact time on biosorption
The kinetics of metal ion sorption is a critical parameter for designing sorption frameworks and is required for choosing the optimum operating conditions for full scale bacterial process of metal removal (Liu et al., 2009) . The uptake of heavy metals by biomass increased with increasing contact time (Kőnig-Péter et al., 2014) . The assurance of the ideal contact time for recovery of Pb 2+ from the solution is required to raise the efficiency of biosorption process.
The data shown in Fig. 4 revealed the impact of contact time on the lead metal biosorption by freeze-dried biomass of Pseudomonas aeruginosa 2103. The finding showed that there is increase in lead uptake quickly in the initial 20min then the rate of removal moderates leading the balance time for metal biosorption at 30min. This short time required for biosorption is in accordance with the results given by other studies (Wierzba, 2015; Joo et al., 2010; Gabr et al. 2008; Pahlavanzadeh et al., 2010; Chen et al., 2005; Ji et al., 2011 and Li et al., 2010) . 
Optimization of initial concentration on biosorption
Many investigations have demonstrated that at low Pb 2+ concentrations, the amount of adsorbed Pb 2+ per unit mass of biosorbent was directly proportional to the ionic concentration in solution (Selatnia et al., 2004) . Lead biosorprtion viability by freeze-dried Pseudomonas aeruginosa 2103 at various starting concentrations (0-200ppm) of Pb 2+ was assessed at the optimum pH and contact time as appeared in Fig. 5 . It is announced that the biosorption limit of the bacterial biomass expanded continuously with the expansion in beginning grouping of Pb 2+ and afterward gradually to be consistent at high concentrations. The maximum quantity of adsorbed Pb 2+ by the freeze-dried biomass was approximately 98mg/g. This value is higher than that obtained by Tunali et al. (2006) , who reported that maximum biosorption capacity of Bacillus sp. ATS-1 biomass for Pb (II) was 92.27±1.17mg g −1 .
Biosorption isotherms
The biosorption isotherm curve represents the equilibrium distribution of metal ions between the aqueous and solid phases (Wierzba, 2015 and Kariuki et al., 2017) . Several kinetic models exist for the adsorption of heavy metals (Vijayaraghavan & Yun, 2008) . Langmuir and Freundlich isotherm models are widely applied in equilibrium analysis to understand sorption mechanisms (Joo et al., 2010; Gabr et al., 2008; Chen et al., 2005; Ji et al., 2011 and Shroff & Vaidya, 2011) . The Freundlich equation is:
(2) (Freundlich, 1906) .
The linear form of this model is:
where K F and n are the adsorption capacity and the intensity of adsorption, respectively. The Langmuir equation is shown as:
q eq =q max bC eq /1+bC eq (4) (Langmuir, 1916) .
And the linear form of this model is:
where q max and b are the Langmuir constants.
The Langmuir model considers sorption by monolayer type and supposes that all the active sites on the sorbent surface have the same affinity for heavy metal ions (Hawari & Mulligan, 2006) . The Freundlich isotherm is an empirical equation which assumes a heterogeneous biosorption system with different active sites (Li et al., 2010 ). Freundlich isotherm model is used to estimate the adsorption intensity (n) and the adsorption capacity (K f ) while Langmuir isotherm model is used to estimate maximum adsorption capacity (q max ) of Pb 2+ biosorption by the freeze-dried Pseudomonas aeruginosa 2103 along with values of constant b. the Langmuir and Freundlich constants have been calculated through the corresponding plots of the metal biosorption as described in Fig. 6 and 7. The calculated values were presented in Table 2 . The regression coefficient (R 2 ) obtained for Pb 2+ form Langmuir and Freundlich isotherm models were 0.8847 and 0.9751, respectively. In this manner Freundlich isotherm fits better with the equilibrium of biosorption of lead metal than Langmuir isotherm model. 
Conclusion
The bacterial isolate Pseudomonas aeruginosa 2103 recovered from sewage water is highly resistant to Pb 2+ ions. The freeze-dried biomass of this isolate has proved to be a successful biosorbent for lead removal from aqueous solutions. The equilibrium pH and contact time for lead removal was 6 and 30min, respectively at room temperature. The maximum adsorption capacity (q max ) from Langmuir isotherm model was 114.94mg/g. These findings indicate the possibility of using Pseudomonas aeruginosa 2103 biomass for Pb 2+ biosorption. More investigations are required to study the effect of different parameters and other adsorption isotherms on biosorption process and to clear the mechanisms of action to ensure complete bioremediation of lead metal.
